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PREFACE

49 It has been the practice of the various government agencies involved in metal matrix

composite materials (MMC) to have their appropriate representatives meet together
periodically to discuss the nature and progress of the MMC work that is being carried on.

Such a forum for discussion was held on 5-6 October 1989. It was hosted by the

Institute for Defense Analyses (IDA), Alexandria, VA. The agenda for this particular
meeting was designed to cover two generic areas related to current aspects of metal matrix
composites efforts. These are: (1) Agency Programs and Funding; (2) Systems
Transitions/Applications. The agency programs and funding information, which was

presented on the first day (5 October 1989) of the meeting, is summarized in Section A of
this document by the inclusion of copies of various self-explanatory viewgraphs shown by

the speakers. The data given (6 October 1989) on the topic, Systems Transitions/
Applications, are also summarized in a like manner in Section B herein. Section C contains
a listing of the conclusions arrived at and various action items to be appropriately addressed

prior to a next meeting of this committee. An Annex covers Focal Area 2 and Focal Area 5
Metal Matrix Composite Developments.

It should be noted that in the interests of timely distribution of this summary no

effort has been made to check further with the meeting presenters on the overall accuracy of
the aforementioned data. The editors of this document have summarized what they felt to

be the most salient parts of the information presented, and have done so primarily by
including those copies of the viewgraphs used by the various speakers which reflect this

information.
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SECTION A

* AGENCY PROGRAMS AND FUNDING FOR
METAL MATRIX COMPOSITES*

* ENCLOSURES 1-8

1. Army

2. Navy

3. DARPA

4. USAF

5. SDIO

* 6. NASP

7. NASA

8. DoD/AF Title IH.

* * Note: The purpose of this agenda item was to document programmatics and funding (i.e., 6.1, 6.2,

6.3A, and MANTECH 7.8) rather than technical detail. New opportunities and initiatives such as fiber
developments, intelligent processing, etc., were also intended to be discussed.
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ENCLOSURE 1

U.S. ARMY MMC PROGRAMS AND FUNDING

NOTE: The attached copies of viewgraphs on this subject were presented at the

meeting by A. Levitt (USAMTL) and J. Dignam (USAMTL).
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ENCLOSURE 2

U.S. NAVY MMC PROGRAMS AND FUNDING

Source: Material presented by S. Fishmian (ONR) and John Foltz (NSWC).
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ONR METAL MATRIX COMPOSITES
CONTRACT RESEARCH PROGRAM

S.G. FISHMAN, PROGRAM MANAGER 0

CONTRACTOR TITLE FY90 FY91
FUNDS FUNDS

U. MARYLAND, ARSENAULT COMPOSITE STRENGTHENING 85000 85000

UCSB, TONY EVANS METAL/CERAMICINTERFACES 210000 210000

BROWN U., S. NUl STRUCTURE OF INTERFACES 90000 90000

NBS, JOHN CAHN INTERFACE KINETICS 100000 100000

NSWC, DAVE DIVECHA HI PRESSURE CASTING OF 50000 50000
MMC

SoWRI, D. DAVIDSON FRACTURE/FATIGUE 100000 100000

CORNELL, SASS INTERFACE STRUCT/ 200000 100000 S
ARCHITECTURE

DREXEL U., KOCZAK INTERFACIAL RXN 90000 90000
KINETICS

MML, M. NATAN INTERFACIAL REACTIONS 100000 100000 0

MIT, R. LATANISION THEORY-ASSIST. 75000 75000
INTERF. SYNT.

MIT, ARGON INTERFACE PROPERTY 100000 100000
EVAL. S

MIT, MORTENSEN MMC MATRIX METALLURGY 41000 100000

U. TEXAS, MARCUS DES. OF MMC INTERFACES 127000 130000

NADC, W. FRAZIER INTERFACE THERMAL 25000 25000 5
CYCLING

1,393,000 1,215,000
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ENCLOSURE 3

DARPA MMC PROGRAMS AND FUNDING

Source: Material presented by Ben Wilcox, DARPA
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ENCLOSURE 4

U.S. AIR FORCE MMC PROGRAMS AND FUNDING

Source: A. Rosenstein (AFOSR/NE), William Koop (WRDC),

A. Gunderson (WRDC)*, V. Johnson (WRDC)

40

* Additional WRDC material on MMC development is provided in the Annex (see p. 195).
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ENCLOSURE 5

SDIO MMC PROGRAML'S AND FUNDING

Source: S. Fishman (ONR)
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ENCLOSURE 6

NASP MMC PROGRAMS AND FUNDING

Source: F. Boenscl,, AFSC
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ENCLOSURE 7

NASA MMC PROGRAMS AND FUNDING

Source: William Brewer, NASA.Langley, H. Gray, NASA Lewis
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ENCLOSURE 8

DOD/AF TITLE III

Mr. Bill Johnson (DPA) briefly discussed two current Title M contracts. One of

these is for -$22 million with DWA as the prime contractor and ALCOA as the

subcontractor. The other has ACMC as prime contractor and Allied as the subcontractor,

and is for -$11 million. Both involve the production of high- and moderate-strength

discontinuous reinforced aluminum matrix composites. A third $8 million contract with

q Amoco is for high-modulus carbon fibers.
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SECTION B

METAL MATRIX COMPOSITES--
SYSTEMS TRANSITIONS/APPLICATIONS
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SECTION B

* METAL MATRIX COMPOSITES--
SYSTEMS TRANSITIONS/APPLICATIONS

Note: In this section the data given by the presenters are summarized primarily by

the attached copies of the viewgraphs which were shown on the second day (6 October

1989) of the DoD Metal Matrix Composites Steering Committee meeting. The presenters

and their topics were as follows:

Presenter Topic

William Davis, KETEMA "SDS Spacecraft Materials Evaluation Program"

S. Knight, SA-ALC "Advanced Metals and Ceramics TAPM"

A. Bertram, NSWC "Reproducible Gr/Al Materials for SDI Applications"

V. Johnson, WRDC "Advanced Metallic Structures"

F. Traceski, DoD "Specification Developments for Metal Matrix Composites"

D. Crafts, Treasury* "Foreign Buyouts"

William McNamara, Kaman "The MMC Numerical Data Base"

T. Pojeta, OSD-R&AT, Tempo "DoD Materials and Structures SBIR"

J. Foltz, NSWC "Advanced Composites for the Trident Guidance System"
and Lightweight Torpedo Shells"

M. Rigdon, IDA "The Metal Matrix Composites Question"

No viewgraphs.
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SDS SPACECRAFT MATERIALS EVALUATION PROGRAM

William E. Davis of the Composite Materials Division of KETEMA Inc., in

discussing the Spacecraft Materials Evaluation Program, covered the technical issues

involved, the key consideration for advanced materials, the data and information needs for

* spacecraft designers, and the program objectives. Also, his firm has recently evolved a

Materials Selection Guide or handbook. This information is summarized in the attached

copies of the viewgraphs utilized in Mr. Davis' presentation.
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S

ADVANCED METALS AND CERAMICS, TAPM

In the topic, Advanced Metals and Ceramics, Steven Knight (SA-ALC/MMETE,
Kelly AFB, Texas) discussed the application of advanced materials to repair problems, and

technology transfer approaches for utilizing technology now being developed. Mr. Knight
mentioned that Texas University at Austin has made a videotape of a metal matrix
composite study course, which is available now to this (MMC) meeting's attendees. It can
be requested by contacting him (Knight). Charted information taken from his talk is

appended.
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REPRODUCIBLE GR/AL MATERIALS FOR SDI
APPLICATIONS

The topic, Reproducible Gr/Al Materials for SDI Applications, presented by

Albert L. Bertram (NSWC), related to the Lockheed program on these materials. Copies of

several of the viewgraphs used by Mr. Bertram in his presentation are included here.
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ADVANCED METALLIC STRUCTURES

Copies of viewgraphs used by Verner Johnson (WRDC) in his talk on Advanced

Metallic Structures such as metal matrix composites for aircraft tail assemblies are

reproduced. It was mentioned that in the work being carried out there was a need for MIL

HANDBOOK 5 data which has not been available.
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SPECIFICATION DEVELOPMENT FOR

METAL MATRIX COMPOSITES

Mr. Frank T. Traceski (Defense Quality and Standardization Office) discussed the

specification developments for metal matrix composites. A summary position paper on this
topic, which was distributed to the meeting attendees, is attached.
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Department of Defense

Metal Matrix Composites Steering Committee

Meeting of October 6, 1989

Mr. Frank T. Traceski
Defense Quality and Standardization Office

5203 Leesburg Pike (Suite 1403)
Falls Church, Virginia 22041-3466

(703) 756-2343 or AV 289-2343

Specification Developments for Metal Matrix Composites

The Defense Quality and Standardization Office (DQSO) oversees the implementation of the Department of
Defense Standardization Program Plan for Composites Technology. This program plan encompasses the
development of specifications for metal matrix composites. The U.S. Army Materials Technology
Laboratory is the Lead Standardization Activity for this area.

The two primary military specifications currently under development for metal matrix composites are as

follows:

1. MIL-M-XXXXX, Carbon (graphite) reinforced aluminum (Gr/Al) metal matrix composites

2. MIL-M-XXXXX, Silicon carbide reinforced magnesium (Si/Mg) metal matrix composites

Both of these specifications are being prepared by the U.S. Army Materials Technology Laboratory.

The development of the Gr/AI MMC specification was initiated at the MMC workshop in March 1989.
Several drafts have been prepared and coordinated with the services and the aerospace industry. Substantial
feedback has been obtained from the Navy and Air Force, material suppliers, and others. The Gr/Al MMC
specification is divided into four principal parts. The draft specification includes a general part which covers
requirements for testing and quality assurance. Three other parts, designated as detail specifications, specify
requirements for carbon fiber reinforced aluminum metal matrix composites for : (1) electronic modules for
heat sinks, (2) space radiators, and (3) tubing for space trusses. The next draft will be sent out for
coordination in October. The planned completion date for publication is May 15, 1990. Point of contact is
Mr. Michael Castro (Army-MTL) at (617) 923-5567.

A specification for silicon carbide reinforced magnesium metal matrix composites is also being prepared
by the U.S. Army Materials Technology Laboratory. Ongoing work includes mechanical property testing and 9
physical examination of microstructures. A first draft is being prepared. Mr. Perry Smoot at the
Army-MTL is the point of contact, (617) 923-5289. The SiC/Mg material covered by this specification is
intended for ballistic applications or structural applications where specific modulus is critical. Specification
requirements for tolerances on reinforcement, heat treatment, porosity, and ultrasonic nondestructive
testing will be studied as part of this project. Target completion date is October 1990.
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The Department of Defense standardization program plan for composites also calls for development of a
new military handbook for metal matrix composites. The purpose of this longer-term project is to provide
standardized material property data for engineering design of MMC applications. At this time a strategy
needs to be developed between various DoD components, in particular the Army and Air Force, to prepare
and coordinate an outline of contents for the new handbook. Overlap with ongoing MIL-HDBK-5 needs to
be resolved.

There are many other metal matrix composite materials for which specifications need to be developed.
The DoD strategy is to prepare individual material and processing specifications for each specific material
fiber reinforcement/metal matrix combination (e.g., Gr/AI, SiC/Al, etc.). Variations in fiber content, alloy
compositions, or other variables can be handled in separate detail specifications. Development of these
specifications is necessary to promote the development and use of these materials in DoD aerospace
applications where the attributes of MMCs can be exploited.
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FOREIGN BUYOUTS

Donald Crafts of the U.S. Department of the Treasury (Office of International

Investment) spoke on the subject of Foreign Buyouts of U.S. companies. In this he

allowed that U.S. policy has always welcomed foreign investment in this country since its

founding in 1776. Such foreign investment is only precluded if it is deemed to be

inamicable to U.S. national security. It is restricted also when it related to nuclear energy,

and graded in restriction to 25 percent investment in domestic airlines, 25 percent in

domestic shipping, and 20 percent of telecommunication industries.

In summary, Mr. Crafts stated that:

* The U.S. essentially maintains an open investment policy.

* The U.S. consumes more than it produces. Hence, we must import capital.

& The U.S. is being challenged economically by Japan now and will be
challenged by Europe in the future when the 12 European nations eliminate
their national boundaries for economic reasons.
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THE MMC NUMERICAL DATABASE

Mr. William McNamara (Kaman-Tempo, Santa Barbara, CA) gave an overview

talk on the work of the MMC Numerical Data Base now in progress at the MMC/AC

activity in Santa Barbara, CA, where they are using DataBase 4. He recommended that

program managers should keep in contact with him regarding a MMC data b& e tcrmat that

can be incorporated into their CDRLs. The work has been sponsored by Marlin Kinna

(ONT).
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DOD MATERIALS AND STRUCTURES SBIR

Mr. Tom Pojeta of the Defense Technology Assistance Office (OSD-R&AT
DLA-DTAO) discussed his work in analyzing the SBIR data compiled for the years 1983-
1986 relative to the overall SBIR materials and structures programs including MMCs. The

* participating contractors were cited. Pertinent charts reflecting this information are attached

herein.
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ADVANCED COMPOSITES FOR THE TRIDENT GUIDANCE

SYSTEM AND LIGHTWEIGHT TORPEDO SHELLS

John V. Foltz (NSWC) gave a status summary on the work involved in the

application of advanced composites for the Trident Guidance System. Work was also

discussed relative to lightweight torpedo shells. Copies of the viewgraphs on both of these

areas are appended.
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THE METAL MATRIX QUESTION

Dr. Michael Rigdon of IDA presented a brief discussion of the status of metal

matrix composite commercialization. He concluded there is no commercial market at the

present and that MMC suppliers (particularly the continuous fiber MMCs) are primarily in

the R&D business. Mention was made of the FMI "Technology Sustaining Proposal" that
had been presented to SDIO and possibly others; the proposal implies that FMI might have

to abandon the MMC business unless they obtain DoD support. Dr. Rigdon also posed the

question of whether or not DoD needs these producers and outlined some options for

* keeping them around. Dr. Rigdon concluded by stating that the best option may be to help
these small producers develop a commercial product that might not be of immediate interest

to DoD. Subsequent discussion did not result in any consensus on what, if anything,

should be done.
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SECTION C

CONCLUSIONS AND ACTION ITEMS

A. CONCLUSIONS

It was agreed in principle by the meeting attendees that:

While meetings such as the 5-6 October 1989 meeting are useful as a forum for
MMC discussions and the interchange of information, it is unnecessary to hold
these convocations more than once a year.

* MMC Technology Conferences (e.g., the Monterey Conference) have
dwindled significantly in attendance. Because of this lack of interest and the
fact that the conferences are relatively expensive to convene, it was agreed that
the monies being spent to hold such conferences be used for other purposes.

0 B. ACTION ITEMS

The following items were deemed necessary for appropriate action:

At the next MMC meeting (1990--specific month and day to be determined) an
ITAR briefing will be given by a member of the U.S. Department of State.

0 Also, since the consortium approach appears to be possible to employ in
development programs, it may be advisable to invite an individual from the
U.S. Department of Commerce to speak at the next meeting on the problems
that may be involved in this approach.

41 0 Frank Traceski (Defense Quality and Standardization Office) and Bill Johnson
(Title III office) are to work together to include MIL-M-46196 (SiC/Al) in the
TITLE III Procurement.

0 Program Managers are to keep in contact with Bill McNamara (Kaman-Tempo)
regarding an MMC data base format that can be incorporated into their CDRLs.
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